Abstract: Introduction. Cross-sectional research suggests that neighborhood characteristics and transportation access shape unmet need for medical care. This longitudinal analysis explores relationships of changes in neighborhood socioeconomic disadvantage and transportation access to unmet need for medical care. Methods. We analyzed seven waves of data from African American adults (N = 172) relocating from severely distressed public housing complexes in Atlanta, Georgia. Surveys yielded individual-level data and administrative data characterized census tracts. We used hierarchical generalized linear models to explore relationships. Results. Unmet need declined from 25% pre-relocation to 12% at Wave 7. Post-relocation reductions in neighborhood disadvantage were inversely associated with reductions in unmet need over time (OR = 0.71, 95% CI = 0.51-0.99). More frequent transportation barriers predicted unmet need (OR = 1.16, 95% CI = 1.02-1.31). Conclusion. These longitudinal fi ndings support the importance of neighborhood environments
group in the U.S. 26, 27 In addition, residents may belong to highly stigmatized groups (e.g., substance users), which may aff ect health and make it diffi cult to access medical care. [28] [29] [30] [31] Research suggests that relocaters experienced post-relocation improvements in mental and physical health and had lower rates of substance use and sexual risk behaviors post-relocation. 23, [32] [33] [34] [35] [36] To our knowledge, no studies have explored the impact of relocations on unmet need for medical care over time. Our own research suggests that relocaters did not experience signifi cant improvements in unmet need for medical care immediately following relocations. 37 In addition, travel distance to safety-net primary health care clinics increased immediately following relocations, which may have resulted in greater barriers to medical care. 38 However, relocations also brought people to qualitatively diff erent neighborhoods, which in the main were less violent and less impoverished than the neighborhoods containing the complexes. 24 These communities may have more resources and prosocial norms supporting health care seeking and preventative behaviors. 13, 35, 36, 39, 40 The present analysis seeks to:
1. Evaluate temporal trends in the odds of unmet need for medical care, and explore whether trends vary by gender or drug/alcohol dependence. (Note: By design, the study oversampled substance misusers. 32 Similarly, health care utilization varies by gender. 41 ); 2. Investigate relationships of changes in exposure to neighborhood-level socioeconomic disadvantage and individual-and neighborhood-level transportation access to the odds of unmet need for medical care, and explore whether relationships vary by gender or drug/alcohol dependence.
This analysis ( Figure 1 ) was guided by the Gelberg-Andersen Model for Vulnerable Populations (G-AMVP). 42 The G-AMVP has been used successfully to describe predisposing, enabling, and need predictors of health care utilization among precariously housed populations and substance users in the U.S. [43] [44] [45] [46] Predisposing characteristics include individual-level factors that exist prior to the perception of illness, including sociodemographic characteristics (e.g., gender) and variables that refl ect vulnerability, such as housing. Need includes factors that may initiate health care seeking, such as perceived health status. Enabling characteristics include factors that may serve as facilitators or barriers to care, such as neighborhood resources (e.g., transportation).
Methods
This longitudinal multilevel study followed a predominately substance-misusing cohort of African American adults relocating from seven public housing complexes targeted for demolition in Atlanta, Georgia. All residents of these complexes were relocated to private market voucher-subsidized rental units, and the vacant complexes were demolished. Baseline (Wave 1) data captured pre-relocation conditions; Wave 2-7 captured post-relocation conditions in nine-month intervals. Institutional Review Board approval and a Certifi cate of Confi dentiality were obtained prior to study implementation. Study methods have been described in detail elsewhere. 23, [32] [33] [34] Eligibility and sampling. Study eligibility criteria included: resident for >1 year in one of the seven public housing complexes targeted for demolition in the fi nal wave of public housing relocations in Atlanta (2008-2010); self-identifi ed as a non-Hispanic Black/African American adult (>18 years); sexually active in the past year; and not living with a current study participant. Because of the study's overarching interest in understanding the impacts of relocations on drug use, we used quota sampling methods to construct a sample that varied with regard to baseline substance misuse: we sought to create a sample in which one-quarter of participants met criteria for drug/alcohol dependence; one-half misused substances but were not dependent (i.e., self-reported recent use of illicit drugs or alcohol misuse, including binge drinking), and one-quarter did not misuse substances (i.e., no illicit drug use in the past fi ve years and no recent alcohol misuse).
Recruitment and retention. Study staff recruited onsite in each complex; communityand faith-based organizations near each complex distributed fl yers; and participants could refer individuals for screening. Intensive retention methods, including calling participants monthly to maintain relationships and update contact information, incentives to remain in contact, and contacting network members when participants were diffi cult to reach, were implemented to keep attrition low and random. Data collection. Individual-level data were gathered via Audio Computer-Assisted Self-Interview (ACASI) survey at each wave. Participants received $20 for the baseline interview; incentives increased by $5 at each subsequent wave. Participant home addresses were geocoded to census tracts at each wave (2010 tract boundaries were used throughout), and administrative data were analyzed to describe characteristics of these tracts at each wave.
Measures. All individual-level measures were time-varying (refl ecting the six-month reporting period prior to the interview) and binary unless otherwise specifi ed. Baseline data described census tract characteristics pre-location. Tract-level data for Waves 2-7 Figure 1 . Conceptual framework of relationships between neighborhood disadvantage, transportation access and unmet need for medical care.
was time-varying, and refl ected the time period of data collection for that wave or the most proximate year for which data were available.
Outcome. Unmet need for medical care, the binary outcome of interest, was measured as a "yes" response to the question "During the past six months, was there a time that you wanted medical care but could not get it at that time?" 47 When individuals were HIV-positive, survey questions assessing unmet need for medical care captured HIV-related care specifi cally. Given the small proportion of study participants with diagnosed HIV infection (fewer than 10%), this measure includes both HIV-uninfected participants reporting unmet need for general medical care and HIV-infected participants reporting unmet need for HIV-related medical care.
Exposures. Enabling exposure variables included census tract-level socioeconomic disadvantage and census tract-and individual-level transportation access.
Tract-level percent poverty, percent unemployed, percent adults older than 25 years without a high school diploma/GED, median household income, and the percent of residents who were Black were constructed using data from the U.S. Census Bureau and the Longitudinal Tract Database, which maps 2000 tract data to 2010 boundaries. 48 The locations of violent crimes were obtained from law enforcement agencies, geocoded to census tracts, and used to calculate the violent crime rate per 1,000 residents for each tract. Off enses within a 100-foot buff er of the tract boundary were included in the tract's calculation.
Several tract-level predictors were correlated. To avoid multicollinearity in multivariable models, we used principal components analyses (PCA) to condense these correlated variables into components. The resulting component captured "tract-level socioeconomic disadvantage" (median household income, poverty rate, percent residents older than 25 without a high school diploma or GED, violent crime rate, and percent of residents who are Black; tracts with higher percentages of Black residents may be more disadvantaged due to historic, persistent structural discrimination in the U.S. 49 ). Tract-level transportation access was created using data from the U.S. Census Bureau. "Tract private vehicle access" was defi ned as the percent of employed Black residents (aged 16 and older) with access to at least one vehicle for transportation to work, as reported in the Census. "Tract public transportation access" was defi ned as the percent of employed Black residents (aged 16 and older) without access to a vehicle who reported using public transportation to get to work in the census. In addition to exploring the independent relationships of these two variables to unmet need for medical care, we also combined them to form a tract-level measure of "any transportation access, " which was the sum of the percentages of residents with private vehicle access and residents without access to a vehicle who used public transportation to get to work.
We created four measures of enabling individual-level transportation characteristics. These variables were "individual transportation barriers, " which captured the frequency that lack of transportation "caused problems" (ordinal); typical travel time to usual source of care in minutes (continuous); typical one-way travel cost to usual source of care in dollars (continuous); and typical mode of transportation to usual source of care (categorical).
Eff ect modifi ers. Eff ect modifi ers included self-identifi cation as a woman and sub-stance (drug or alcohol) dependence, as measured by the Texas Christian University Drug Screen II. 50 Other covariates. Covariates capturing other individual-level enabling characteristics included: perceived community violence (continuous), 51 proportion of social network providing actual support; 52 and baseline lifetime experience of discrimination in a medical setting. 53 Predisposing characteristics included: age in years (continuous); married or living as married at baseline; any employment; less than a high school education at baseline; homeless; and number of months living in neighborhood (continuous). Need was measured as self-rated health (ordinal), using the SF-12 scale, 54 and being HIV-infected.
Analysis. Distributions of all variables were assessed across waves. Plots were used to visualize proportion of unmet need for medical care over time, and whether trajectories varied by gender and substance dependence status.
We modeled relationships with hierarchical generalized linear models (HGLM) using a logit link in three stages to: 1) assess temporal trajectories in unmet need for medical care, and whether trajectories varied by gender or drug/alcohol dependence; 2) assess the relationship of each individual-and tract-level variable to unmet need for medical care, controlling for time ("bivariate analysis"); and 3) describe multivariable relationships. All HGLMs had three levels: level 1 was time, level 2 was the individual participant, and level 3 was the baseline tract. All HGLMs included a subject-specifi c intercept, a slope for time, and an interaction term for time and substance dependence. Time was measured as the number of months since Wave 2, the fi rst post-relocation interview.
Continuous variables were centered at their baseline values, resulting in a baseline variable and a "change since baseline" measure for Waves 2-7. We determined a priori that the following variables were theoretically relevant and should be included in multivariable models, regardless of statistical signifi cance in bivariate analyses: all tract-level variables, all individual-level transportation measures, age, gender, substance use, self-rated health, and length of stay in the neighborhood. Tract-level variables, individual-level transportation measures, gender, and substance use were included in multivariable models in order to assess the study aims. Similarly, length of stay in the neighborhood was retained in order to capture the potential disruption caused by relocations. 25, 27 Age and self-rated health were retained in multivariable models to control for health care utilization and need. 1, 26 Remaining variables with p-values < .05 were retained in the fi nal model. Tract-level transportation variables (i.e., private vehicle, public transportation, and overall access) were correlated and as a result, modeled separately. We ran three multivariable models, each model included all individual-level variables, tract-level socioeconomic disadvantage, and one of the tract-level transportation variables.
Results
A total of 172 participants were enrolled at baseline, 86.2% of participants were retained at Wave 7. At Wave 1 (Table 1) , participants were, on average, 43 years old (standard deviation [SD] = 14). Fift y-six percent (n = 96) were women. Sixty percent (n = 92) of participants reported having health insurance at baseline; this increased to 73% Includes median household income, percent poverty, percent residents >25 with less than high school education, percent unemployed, violent crime rate, and percent of residents who are non-Hispanic Black. (n = 110) by Wave 7. Baseline characteristics of participants who completed Wave 7 (n = 149) were comparable to those of participants who did not complete Wave 7 (n = 18) (data not shown). Participants dispersed from the seven census tracts where the public housing complexes were located at baseline to 94 tracts by Wave 7. Participants had moved an average of 7.33 miles (SD = 5.53) from their original housing complexes by Wave 7. On average, relocations brought participants to tracts with improved socioeconomic conditions, with the greatest improvements experienced between Waves 1 and 2. For example, prior to relocating, on average participants lived in tracts where 46% of households lived in poverty and where there were 35.6 violent crimes per 1,000 residents. By Wave 2, on average participants lived in tracts where a third of the households were living in poverty and there were 20.7 violent crimes per 1,000 residents. These improvements were sustained over time.
Travel-time to usual source of care remained relatively stable over time, though average travel costs increased by $7 from Wave 1 to 7, from $2.11 to $9.33. The majority of participants used public transportation to travel to their medical care provider at each wave, this proportion declined over time. Prior to relocations, 63% (n = 105) of participants used public transportation to travel to their medical provider, this decreased to 51% (n = 66) by Wave 7. Tract-level use of public transportation among workers without cars decreased (13% at Wave 1 to 9% at Wave 7), suggesting that participants moved to tracts with less access to public transportation than the tracts containing their public housing complex. In contrast, tract-level vehicle access tended to increase over time, ranging from 81% at Wave 1 to 86% at Wave 7.
Temporal trajectories in reported unmet need for medical care. At baseline, 25% of participants reported unmet need for medical care, in the last six months. Unmet need for medical care, declined over time, with 12% reporting unmet needs for medical care at Wave 7. The proportion of unmet need for medical care declined linearly over time (Figure 2) , with rates of decline similar for women and men. Although women consistently reported slightly higher unmet need for medical care across waves, these diff erences were not statistically signifi cant. Substance-dependent participants reported higher proportion of unmet needs for medical care both prior to and immediately following relocations, but experienced steeper declines over time (Model 1: OR = 0.93, 95% CI = 0.90-0.97).
Relationships of changes in exposure to neighborhood socioeconomic disadvantage and transportation access to unmet need for medical care. Change in tract-level socioeconomic disadvantage was not statistically signifi cant in bivariate models (0.84, 95% CI = 0.63-1.10). Reductions in tract-level socioeconomic disadvantage were inversely associated with a lower odds of unmet need for medical care. Specifi cally, a one SD reduction in tract-level socioeconomic disadvantage was associated with an approximately 29% reduction in the odds of unmet needs for medical care (OR = 0.71, 95% CI = 0.51-0.99).
In bivariate models ( Table 2 , Model 2), post-relocation increases in the reported frequency of transportation barriers (OR = 1.11, 95% CI: 1.00-1.22), and baseline cost of (OR = 1.13, 95% CI = 1.00-1.28) and travel time to medical provider (OR = 1.02, CI = 1.00-1.03) were signifi cantly associated with greater odds of unmet need for medical care. In contrast, walking or driving to the health care provider was signifi cantly associated with lower odds of unmet need for medical care (OR = 0.43, 95% CI = 0.21-0.90; Table 2 , Model 2). In multivariable models, post-relocation increases in the frequency of self-reported barriers to transportation were associated with greater odds of unmet need for medical care (OR = 1.16, 95% CI = 1.02-1.31; Table 2 , Model 3). All other individual-level transportation variables lost signifi cance once potential confounders were included in the model (Table 2 , Models 2 and 3).
Measures of tract-level neighborhood transportation access were not associated with the outcome in bivariate or multivariable models ( Table 2 , Models 2 and 3).
The magnitudes and directions of tract-level socioeconomic disadvantage, and individual-and tract-level transportation were comparable across the three multivariable models (available from the fi rst author upon request), though the relationship between socioeconomic disadvantage and unmet need for medical care was borderline statistically signifi cant for models including tract-private vehicle ownership (OR = 0.60, 95 CI: 0.36-1.00) and not statistically signifi cant for models including tract-level public transportation access (OR = 0.77, 95% CI = 0.54-1.10).] Relationships were not moderated by gender or substance misuse status.
Notably, baseline lifetime experience of discrimination in a medical setting was associated with greater odds of unmet need for medical care. Participants that experienced prior medically-related discrimination had nearly three times the odds of reporting unmet need for medical care as compared to those that did not (OR = 2.61, 95% CI = 1.20-5.69). 
Discussion
This multilevel, longitudinal analysis suggests that African American adults relocating from severely distressed public housing complexes in Atlanta, Georgia experienced reductions in unmet need for medical care over time, and that these changes were associated with post-relocation changes in the neighborhoods where these adults lived and in their transportation access. Specifi cally, in this sample post-relocation improvements in neighborhood socioeconomic disadvantage and post-relocation declines in individual-level transportation barriers predicted reductions in unmet need for medical care over time.
In contrast to past studies that have found immediate improvements in depression and substance use following relocations, 23, 32 improvements in unmet need for medical care were gradual: 25% of participants reported unmet need for medical care at Wave 1, Although there is a notable literature supporting the association of transportation barriers to unmet needs for medical care, particularly for impoverished populations, evidence regarding the contribution of specifi c transportation barriers (e.g., distance) is mixed.
14 In our study, post-relocation declines in the frequency of self-reported barriers to transportation were associated with lower odds of unmet need for medical care. The majority of participants relied on public transportation to travel to their usual source of care and relocations brought participants to census tracts with lower access to public transportation. However, tract-level transportation access variables were not statistically signifi cantly related to unmet need for medical care. Atlanta is an automobile-centric area that lacks a strong, integrated public transportation system. 17, 56 Mode of transportation to work may not refl ect mode of transportation to health care. Additionally, patterns of transportation use may vary for employed and unemployed individuals, and many study participants were unemployed. Alternative measures of neighborhood transportation access, such as density and frequency of public transport, may more accurately capture area-level transportation access. However, these measures are not readily available for public use. One interpretation of our results is that, over time, participants either identifi ed alternative modes of travel (e.g., borrowing a car from a new neighbor) to pre-relocation providers or found a new source of care that was closer to their new home.
Neighborhood poverty has been associated with unmet need for medical care in ecologic and cross-sectional studies. 7, 8 In our longitudinal study, a one SD improvement in the tract socioeconomic disadvantage component was associated with an approximately 29% reduction in the odds of unmet need for medical care. Participants relocating to less socioeconomically disadvantaged communities may have experienced more resourced and cohesive communities; 35, 36 these communities may have more prosocial norms around health care seeking and greater trust in providers. 13, 39, 40 Community collective effi cacy (i.e., the capacity of a community to work together towards a common good) 51 is associated with fewer barriers to accessing health care and greater trust in providers. 11, 13 Notably, participants who experienced discrimination in a medical setting in their lifetime had nearly three times the odds of reporting unmet need for medical care as compared to those who did not. Past experiences of discrimination may serve as a signifi cant barrier to seeking care, particularly for groups with multiple stigmatizing behaviors or conditions (e.g., substance users, public housing residents). [28] [29] [30] [31] Public housing recipients have been refused care due to their Medicaid status. 57 Experiences of discrimination are associated with greater unmet need for medical care and lower quality of care and trust in providers. 29 Notably, spatial access to safety-net clinics declined as a result of relocation, 58 suggesting that relocaters may require extra support in identifying and linking to culturally relevant care accepting public insurance.
Limitations. These fi ndings should be interpreted in light of the study's limitations. We could not randomly select residents from the complexes because no sampling frame of substance misusers in the complexes existed. Additionally, we could not use targeted sampling or respondent-driven sampling, which rely on network-based recruiting, 59, 60 because relocations were underway when recruitment began and so networks had been disrupted. However, our sample's sociodemographic composition was similar to those of the underlying populations of residents in each of the seven complexes. 32 Similarly, we could not create a control group of non-relocaters for this study: no severely distressed complexes remained in Atlanta at the time of data collection, and the non-distressed complexes that remained had very diff erent resident demographics and were located in qualitatively diff erent neighborhoods. It is possible that the reductions in unmet need for medical care observed here were driven by historical changes in Georgia, though the Aff ordable Care Act was not implemented until 2014 (aft er the vast majority of data collection) and Georgia elected not expand Medicaid. 61 It is possible that improvements in unmet needs for medical care may have also been associated with improvements in health more generally. However, self-rated health remained stable across waves and was not associated with unmet need for medical care in multivariable models.
Conclusion. This study has multiple strengths. Its retention rate was high, despite the inclusion of active substance users and a highly mobile cohort. This high retention rate supports the internal validity of our fi ndings. It is also the fi rst to examine multilevel, longitudinal relationships of neighborhood characteristics to unmet need for medical care among U.S. adults and among relocaters specifi cally. Collectively, these fi ndings, generated by a longitudinal, multilevel analysis, support the importance of neighborhood environments and transportation access in shaping unmet need for medical care in vulnerable populations, and suggest that improvements in these exposures reduce unmet need for medical care in a highly vulnerable population. Screening for transportation access and neighborhood conditions may help to identify populations at risk for unmet need for medical care. Similarly, addressing transportation-related barriers to care and helping individuals identify accessible, culturally relevant providers may help to reduce unmet need for medical care in this highly vulnerable population.
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